Any processing method that maintains the level of compounds known for their health benefits will be of interest to the food industries. Therefore, the effects of vacuum drying, storage and freezing on the anthocyanin content and their antioxidant properties of Iresine herbstii L. flowers were investigated. The results showed that fresh samples (AEFF) had the highest amount of total anthosyanin content (8.31 ± 0.23 mg/g dry matter, expressed as cyaniding 3-glucoside equivalents), followed by 7.17 ± 0.12 mg/g solid content, 13.72% loss of vacuum dried samples (AEDF). In comparison with fresh samples, total anthocyanins in stored samples for two weeks at 5˚C (AESF) and frozen samples during 1 (AEZF1) and 3 months (AEZF 3 ) of storage were significantly (P < 0.01) reduced to 6.43 ± 0.24 mg/g solid content, 22.63% loss, 5.65 ± 0.33 mg/g solid content, 32.01% loss and 4.71 ± 0.51 mg/g solid content, 43.33% loss, respectively. Anthocyanins from I. herbstii L. flowers exhibited a dose-dependent (AEFF > AEDF > AESF > AEZF 1 > AEZF 3 , respectively) antioxidant activity against lipid peroxidation in a linoleic acid model system as well as strong reducing power and ferrous ion chelating abilities. Moreover, the anthocyanins extracted were found to show remarkable scavenging activity on superoxide anion radicals, hydroxyl radicals, hydrogen peroxide, nitric oxide radicals and deoxyribose degradation. Based on the results obtained, we can concluded that the Iresine herbstii L. flowers may be valuable natural antioxidant sources and are potentially applicable in both pharmacy and food industry.
Introduction
Antioxidants are widely used as a food additive to provide protection against oxidative degradation of foods by free radicals. In order to prolong the storage of foods, several synthetic antioxidants such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) are used currently. But these substances may be inappropriate for chronic human consumption. Hence the development of alternative antioxidants from natural origin has attracted considerable attention [1] . Some medicinal plants contain various natural antioxidants such as phenolic acids, flavonoids and tannins which are associated with higher antioxidant activity compared with those of dietary plants [2] . Flavonoids such as flavones, isoflavones, flavonones, anthocyanins, and catechins have strong antioxidant capacity [3] . Anthocyanins are polyphenolic compounds responsible for cyanic colors ranging from salmon pink through red and violet to dark blue of most flowers, fruits, leaves and stems. They comprise the largest group of the water-soluble pigments in the plant kingdom [1] , and during the last few years it has been an exponential increase in the report of new anthocyanin structures [4] . This can be explained by the use of improved analytical techniques, but the potential use of anthocyanins as health beneficial compounds is another reason for the increased scientific interest in these pigments. They play a definite role in attracting insects in pollination and seed dispersal. They may also have a role in the mechanism of plant resistance to pest attack [1] . Anthocyanins are glycosylated polyhydroxy and polymethoxy derivatives of a flavylium (2-phenylbenzopyrylium) salt. The major glycosidic sugars in the anthocyanin structure are glucose, galactose, rhamnose, and arabinose, while the common anthocyanin aglycones in plants are cyanidin, delphinidin, petunidin, peonidin, pelargonidin and malvidin [5] . Anthocyanins have not been broadly used in foods and beverages, although they have been reported to be safe for use in dietary supplements [6] . Their susceptibility to color deterioration during processing and storage has limited their application as commercial colorants [7] . In fact, much attention has been given to the intrinsic and extrinsic factors affecting pigment stability and color, such as temperature, the presence of light and pH value [8] . Thermal processes including pasteurization, sterilization or concentration have been implicated in anthocyanin degradation and color loss [9] . Iresine herbstii belongs to Amaranthaceae family and is commonly known as blood leaf, chicken gizzard, beefsteak plant and Herbst's blood leaf (English), Naayurivi (Tamil). Blood leaf, probably first collected in Brazil, is native to tropical South America. But it is also available in the tropical forest in several parts of India and tropical Asia and has multiple applications in different folk medicines. I. herbstii is traditionally used in the Northern Peruvian Andes for black magic with the ritual aim to expel bad spirits from the body [10] , and also to diagnose various illnesses. I. herbstii was reported as an additive of ayahuasca [11] and ingredient of San Pedro decoction, with possible hallucinogenic properties [12] . I. herbstii leaves are used in wound healing, anticancer agent, post-labor tonic [13] , and externally against skin depurative such as eczemas, sores and pimples [10] . Moreover, the plant is also used in astringent, diuretic, spasmolytic, whooping cough, antimicrobial agent and roots in hemicranias [14] . Leaves and flowers are used in decoction for fever and kidney problems [15] and also as a relaxant and antipyretic [10] . Literature survey revealed that there is no previous report on the antioxidant activity of anthocyanin of I. herbstii flowers. Also, because during the drying and storage of frozen flowers, the content of anthocyanin and their antioxidant activities may be altered resulting in a change in antioxidant properties, the goal of this research was to investigate and to compare total anthocyanin and their antioxidant activities in frozen or dried flowers, and to compare them with the values found in fresh flowers. The findings from this work may add to the overall value of the medicinal potential of the plant.
Materials and Methods

Chemicals
All the chemicals were purchased from Sigma-Aldrich Co. (St. Louis, MO), Riedal de Haën (Germany), Fluka (Switzerland), Randox (United Kingdom) and solvents were from E. Merck (Darmstadt, Germany). All of the reagents were prepared in deionized distilled water to eliminate the contamination of metal ions.
Plant Material and Treatments Design
Flowers of Iresine herbstii L. were collected from the garden of College of Education Pure Science, University of Basra in the month of May, 2012 and the plant was botanically authenticated and voucher specimens (4124) were deposited in the Herbarium of Basra (Iraq, Basra, College of Science, University of Basra). The method of Lohachoompol et al. [16] was modified and adopted to design the treatments of the present study as follow: fresh flowers (AEFF) were kept at 5˚C for up to two weeks before extraction [AESF] . Several batches of flowers were frozen and kept at −20˚C up to 3 months. The samples were taken and examined at 1-month (AEZF 1 ) and 3-month (AEZF 3 ) storage. There were 3 replicates for each sampling point. One batch of flowers weighing 0.5 kg each was slowly dried (AEDF) using vacuum oven [Binder, Fisher Scientific, USA] at temperature of 40˚C for 90 minutes, followed by 30˚C for 120 minutes. Dry matter was determined by drying 5 -10 g flower sample in a vacuum oven at 70˚C, for 72 hours. The dried Flowers were weighed again and the dried matter that remained was determined.
Anthocyanin Extraction
Extraction of anthocyanin from I. herbstii flower (AEIH) was carried out by using the method of [17] . Samples weighing 20 g of fresh, frozen, and proportionally reduced amounts (based on moisture loss during drying) of dried flowers were blended in a food processor for 1minute with 150 mL of a mixture of methanol, acetic acid, and deionized distilled water (M:A:W) at a ratio of 25:1:24. Frozen flowers were thawed in a refrigerator (at about 5˚C) overnight prior to the extraction. Half of the well-blended solution was centrifuged at 3000 ×g for 20 minutes at 20˚C. The remaining residue from centrifugation after the supernatant was removed was mixed thoroughly with 75 mL M:A:W, centrifuged, and the supernatant was separated. Each sample was extracted 3 times. The clear liquid from the 3 extractions was evaporated under vacuum at 35˚C. The residue from vacuum evaporation was re-dissolved with 5 mL of 3% (w/v) formic acid in water. This aqueous solution was adsorbed on a C 18 Sep-Pak cartridge. The cartridge was washed with 5 mL of 3% (w/v) formic acid in water and eluted with 3.5 mL of 3% (w/v) formic acid in methanol. The anthocyanins eluted from the cartridge were evaporated under vacuum at 35˚C until dryness. Prior to assay, anthocyanin extracts were dissolved in the mixture of methanol and 0.1 M HCl at a ratio of 85:15 (MeOH:HCl) to generate the appropriate concentrations.
Determination of Total Anthocyanin Content
The total anthocyanin content was measured using a modified pH differential method described by Lee et al. [18] . The absorbance anthocyanin at 510 nm and 700 nm in different pH buffers (pH 1.0 and 4.5) was measured simultaneously after 15 minutes of incubation at room temperature. Absorbance readings were made at room temperature against deionized distilled water as blank. Total anthocyanin content was expressed as cyanidin-3-glucoside equivalents and calculated according to the following equation:
where A = [(A 510 − A 700 ) pH 1.0 -(A 510 − A 700 ) pH 4.5]; Mw (molecular weight) = 449.2 g/mol for cyanidin-3-glucoside (cyd-3-glu); DF = dilution factor; ɛ = the molar absorptivity (26,900) and l = path length in cm. This assay was done in triplicate and average values were taken.
Antioxidant Activity Study
Total Antioxidant Activity
Total antioxidant activity of I. herbstii flower anthocyanin extract (AEIH) was determined by the method of Orak [19] . The anthocyanin extract (1 mL) was added to linoleic acid solution (5.0 mL, 6 mg/mL in 99% methanol) and then incubated for 10 min at 37˚C. A 0.1 mL aliquot of the mixture solution was added to 75% ethanol (4.7 mL), 0.1 M ammonium thiocyanate (0.1 mL) and 20 mM ferrous chloride (0.1 mL) in 3.5% HCl solution. The reaction was then allowed for 5 min at 30˚C in dark. The absorbance was measured at 500 nm. Total antioxidant activity was expressed as a percentage of lipid peroxidation value and calculated according to the following equation:
where A ο was the absorbance of control (blank, without extract) and A was the absorbance in the presence of the extract. This assay was done in triplicate and average values were taken.
Determination of Reducing Power
The reducing power of I. herbstii flower anthocyanin extract (AEIH) was determined according to the method of Oyaizu [20] . The anthocyanin extract (2.5 mL) was mixed with 2.5 ml of 200 mM sodium phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The mixture was then incubated at 50˚C for 20 min. After incubation, about 2.5 mL of 10% trichloroacetic acid (w/v) was added. This mixture was centrifuged at 3000 ×g for 10 min. 5 mL of the supernatant was mixed with an equal volume of water and 1 mL of 0.1% ferric chloride. The absorbance was measured at 700 nm. This assay was done in triplicate and average values were taken. Increased absorbance indicated increased reducing power.
Superoxide Radical-Scavenging Activity
Superoxide radicals of I. herbstii flower anthocyanin extract (AEIH) were generated by the method of Siddhurajuna et al. [21] with some modifications. All solutions were prepared in 0.05 M phosphate buffer (pH 7.8).
The photo induced reactions were performed in aluminium foil-lined box with two 30 W fluorescent lamps. The distance between the reaction solution and the lamp was adjusted until the intensity of illumination reached about 4000 candelia units. The anthocyanin extract (1 mL) was mixed with 3 ml of reaction buffer solution (1.3 mm riboflavin, 13 mM methionine, 63 µM nitro blue tetrazolium and 100 µM EDTA, pH 7.8). The reaction solution was illuminated for 15 min at 25˚C. Then the absorbance of the reaction mixture was measured at 560 nm with a spectrophotometer and the superoxide anion radical scavenging activity was calculated according to the equation (Equation (2)) described in Section 2.5.1. This assay was done in triplicate and average values were taken.
Hydroxyl Radical Scavenging Activity
The hydroxyl radical scavenging activity of I. herbstii flower anthocyanin extract (AEIH) was determined according to the methods described by Singh et al. [22] . Anthocyanin extracts (0.1 mL were taken in separate test tubes. 1 mL of iron-EDTA solution (0.1% ferrous ammonium sulfate and 0.26% EDTA) followed by 0.5 mL of DMSO (0.85% v/v in 0.1 M Phosphate buffer, pH 7.4) were added to these tubes, and the reaction was initiated by adding 0.5 mL of 0.22% ascorbic acid. Test tubes were capped tightly and incubated in a water bath at 80˚C -90˚C for 15 min. The reaction was terminated by the addition of 1 mL of ice cold TCA (17.5% w/v). To that 3 mL of Nash reagent (75 g of ammonium acetate, 3 mL of glacial acetic acid, and 2 mL of acetyl acetone were mixed and raised to 1 L with deionized distilled water) was added to all of the tubes and left at room temperature for 15 min for the color development. The intensity of the yellow color formed was measured spectrophotometrically at 412 nm. The hydroxyl radical scavenging activity was calculated according to the equation (Equation (2)) described in Section 2.5.1. This assay was done in triplicate and average values were taken.
Hydrogen Peroxide Scavenging Activity
Hydrogen peroxide scavenging activity of I. herbstii flower anthocyanin extract (AEIH) was determined using the method described by Akinpelu et al. [23] . Anthocyanin extracts [0.1 mL] was mixed with 0.6 mL of 4 mM H 2 O 2 solution prepared in phosphate buffer (0.1 M pH 7.4) and incubated for 10 min. The absorbance of the solution was taken at 230 nm against blank solution containing the H 2 O 2 without plant extract. All the analyses were performed in triplicate and results were averaged. The hydrogen peroxide scavenging activity was calculated according to the equation (Equation (2)) described in Section 2.5.1. This assay was done in triplicate and average values were taken.
Nitric Oxide Radical Scavenging Activity
Nitric oxide generated from sodium nitroprosside was measured by the Griess Illosvoy reagent method Susuanta et al. [24] . About 2 mL of 10 mM sodium nitroprosside in 0.5 mL phosphate buffer saline (pH 7.4) was mixed with 0.5 mL of anthocyanin extract and the mixture incubated at 25˚C for 150 min. From the incubated mixture, 0.5 mL was taken out and added into 1 mL sulfanilic acid reagent (33% in 20% glacial acetic acid) and incubated at room temperature for 5 min. Finally, 1 mL naphthyl ethylenediamine dihydrochloride (0.1% w/v) was mixed and incubated at room temperature for 30 min. The nitric oxide produced was measured colorimetrically at 540 nm. The nitric oxide radicals scavenging activity was calculated according to the equation (Equation (2)) described in Section 2.5.1. This assay was done in triplicate and average values were taken.
Metal Chelating Activity
The chelating of ferrous ions by the I. herbstii flower anthocyanin extract (AEIH) was estimated by the method of Ponmozhi et al. [1] with slight modification and compared with EDTA, BHT and ascorbic acid standards. About 100 µl of standard and anthocyanin extract were added to a solution of 100 µL Ferric chloride (1 mM). The reaction was initiated by the addition of 250 µL ferrozine (1 Mm). The mixture was finally quantified to 1.3 mL with methanol, shaken vigorously and left standing at room temperature for 10 min. After the mixture had reached equilibrium, the absorbance of the solution was measured spectrophotometrically at 562 nm. The lower absorbance at 562 nm indicated stronger chelating effect. The percentage inhibition of ferrous-ferrozine complex formation was calculated according to the equation (Equation (2)) described in Section 2.5.1. This assay was done in triplicate and average values were taken.
Inhibitory Effect on Deoxyribose Degradation
Inhibitory effect of I. herbstii flower anthocyanin extract (AEIH) on deoxyribose degradation was determined and hydroxyl radicals (referred to as non-site-specific scavenging assay) or antioxidants and iron ions (referred to as site-specific scavenging assay), described by Lee et al. [25] . For the non site specific scavenging activity assay, anthocyanin extracts (0.1 mL) was mixed with 1 mL of reaction buffer (100 µM FeCl 3 , 104 µM EDTA, 1.5 mM H 2 O 2 , 2.5 mM deoxyribose and 100 µM L-ascorbic acid pH 7.4) and incubated for 1 h at 37˚C. About 1 mL of 0.5% 2-thiobarbituric acid in 0.025 M NaOH and 1 mL of 2.8% trichloroacetic acid were added to the mixture and it was heated for 30 min at 80˚C. The mixture was cooled on ice and the absorbance was measured at 532 nm. Site-specific scavenging activity, which represented the ability of anthocycanins to cheated iron ions and interferes with hydroxyl radical generation, was measured using the same reaction buffer without EDTA. The inhibitory effect of the anthocyanins on deoxyribose degradation was calculated according to the equation (Equation (2)) described in Section 2.5.1. This assay was done in triplicate and average values were taken.
Statistical Analysis
The data were expressed as mean values ± SEM and tested with analysis of variance followed by Dunnett's t-test. P-values < 0.05, 0.01 were considered to be statistically significant.
Results and Discussion
Total Anthocyanins
The total anthocyanins contents in fresh flowers after drying and during the 3 months storage are shown in Table 1. Fresh samples (AEFF) had the highest total anthocyanin content (8.31 ± 0.23 mg/g), while frozen samples (AEZF 3 ) had the lowest value (4.71 ± 0.51 mg/g). The total anthocyanin content in decreasing order was Fresh sample > Vacuum dried sample > Storage sample 2-week at 5˚C > Frozen sample for 1 month > Frozen sample for 3 month. Interestingly, both vacuum dried and stored frozen conditions are led to deterioration of these compounds. In dried sample (AEDF) the anthocyanins content was less (P < 0.05) in fresh flowers and the percentage of loss of anthocyanins was 22.63%. Anthocyanin leakage might happen due to dewaxing, which was caused by stirring and soaking during the osmotic pretreatment. This permitted some leakage from the exposed edges or undersurface of the torn skin to the osmotic solution that caused anthocyanin loss before the drying step. Also, the thermal processing destroyed some anthocyanins [26] . According to our results, significantly decreases (P < 0.01) of anthocyanins were started immediately after freezing. During the kept of flowers samples at 5˚C for 2 weeks [AESF] before extraction, there was a slow degradation of anthocyanins. The value of percentage degradation was proportional depending on the percentage of soft flowers in the whole sample. Anthocyanins contents of frozen samples for 1 month (AEZF 1 ) and 3 month (AEZF 3 ) were found significantly decreased (P < 0.01) with compared to fresh sample (AEFF). This indicates that anthocyanins degradation rate was accelerated at longer storage. Probably, significant decrease of investigated compounds was due to water content in nonfrozen state. Activity and enzymatic reaction rate reached maximum values in the layers of liquid water in frozen fruits. Perhaps, this phenomenon contributes to the modification of chemical compounds, including biologically active substances. In frozen products the enzymatic reactions are slow, but not completely blocked [27] .
Antioxidant Activity Study
Total Antioxidant Activity
The total antioxidant activity of I. herbstii flower anthocyanin extract (AEIH) was determined by peroxidation of linoleic acid using ferric thiocyanate method. During linoleic acid peroxidation, peroxides were formed and these compounds oxidized Fe 2 ⁺ to Fe 3 ⁺ . The Fe 3 ⁺ ion forms a complex with SCN⁻, which had a maximum absorbance at 500 nm [28] . Thus a high absorbance value was an indication of high peroxide formation during the emulsion incubation inhibits peroxidation of linoleic acid and reduces formation of hydrogen peroxide. According to the results displayed in Figure 1 . Total antioxidant activity increase with increase in the amount of anthocyanins contents. Therefore, AEFF had a significant (P < 0.01) higher inhibitory effect on peroxidation of linoleic acid than other extracts. The order of inhibition was AEFF (78.12%) > AEDF (69.23%) > AESF (60.11%) > AEZF 1 (53.33%) > AEZF 3 (48.13%), respectively. However, both fresh and vacuum dried samples gave higher antioxidant activity compared with storage sample. The use of a vacuum may allow water to evaporate at lower temperatures and the absence of oxygen in the environment helps to reduce potential oxidation resulting in the preservation of antioxidant components [29] . The results indicate that anthocyanins can significantly powerful natural antioxidant. The higher antioxidant activity in various plants has a considerable role in the prevention of various degenerative diseases by reducing free radical-induced oxidative damage [30] .
Reducing Power
Furthermore, the reducing power of the extractable anthocyanins from I. herbstii flower (AEIH) is presented in Figure 2 . The trend of the reducing capacity of the extracts was concentration dependent. At the total anthocyanin content (8.31 ± 0.23 mg/g), the result revealed that AEFF sample of flower of I. herbstii had a significant (P < 0.01) higher reducing power followed by AEDF and AESF while AEZF 1 and AEZF 3 samples had the least. The antioxidant activities of putative antioxidants have been attributed to various mechanisms such as prevention of chain initiation, binding of transition metal ion catalysts, decomposition of peroxides, prevention of continued proton abstraction, and radical scavenging [31] . The reducing power as typified by the ability of the plant extracts to reduce Fe 3+ to Fe 2+ is a potent antioxidation defense mechanism, and two mechanisms available to effect this reducing power is by electron transfer and hydrogen atom transfer [32] . Allhorn et al. [33] reported that the reducing property can be a novel antioxidation defense mechanism, possibly through the ability of the antioxidant compound to reduce transition metals. Polyphenolics in the anthocyanin extracts appear to function as good electron and hydrogen atoms donor and therefore should be able to terminate radical chain reaction by converting free radicals to more stable products.
Determination of Superoxide Radical Scavenging Activity
Superoxide anion radicals are produced by a number of cellular reactions, including various enzymes systems such as lipooxygenase, peroxidase, NADPH oxidase and xanthain oxidase. Superoxide anions place an important role in plant tissue and are involved in the formation of other cell damaging free radicals [34] . In the present study, superoxide radical can be generated by illuminating a solution containing riboflavin. Superoxide anion radical reduces NBT to a blue colored formazan that is measured at 560 nm. The decrease of absorbance at 560 nm with antioxidants thus indicates the consumption of superoxide anion in the reaction mixture. Based on the results obtained as represented in the Figure 3 is clear that Fresh samples (AEFF) of I. herbstii flower has better superoxide scavenging activity as compare to the other extracts, which may be again due to the higher amount of total anthocyanin content. The superoxide radical scavenging ability of the extracts can be ranked in the order AEFF (76.25%) > AEDF (65.18%) > AESF (56.13%) > AEZF 1 (41.24%) > AEZF 3 (33.19%), respectively. Further superoxides are also known to indirectly initiate lipid peroxidation as a result of H 2 O 2 formation, creating precursor of hydroxyl radicals [35] . Our result clearly shows that antioxidant activity of anthocyanin extracted from I. herbstii flower (AEIH) is also related to ability to scavenge superoxides.
Hydroxyl Radical Scavenging Activity
The hydroxyl radical is extremely reactive free radicals formed in biological system and has been implicated as a higher damaging species in free radical pathology. Capable of damaging almost every molecule found in living cells. This species is considered to be one of the quick initiators of the lipid peroxidation process, abstracting hydrogen atoms from unsaturated fatty acids [1] . The scavenging of hydroxyl radical by anthocyanin extracts of I. herbstii flower (AEIH) was increased in a dose dependent manner, as illustrated in Figure 4 . The scavenging percentage achieved (71.38%) at the higher amount anthocyanin extract (AEFF). This was followed by AEDF (62.21%), AESF (54.17%), AEZF 1 (39.13%) samples whereas, AEZF 3 samples showed the least inhibition (27.18%) . This is similar to the observation of several others who have reported a dose-dependent activity in other foods such as sesame coat, pomegranate peel and seeds and grapes pomace [36] [22] . The ability of anthocyanin extracts to quench hydroxyl radical seems to be directly related in to prevention of propagation of the process of lipid peroxidation. The anthocyanin extract (AEFF) seems to be a good scavenger of active oxygen species, thus reducing rate of chain reaction.
Hydrogen Peroxide Scavenging Activity
The measurement of H 2 O 2 -scavenging activity is one of the useful methods of determining the ability of antioxidants to decrease the level of pro-oxidants such as H 2 O 2 [37] . It can cross membranes and may slowly oxidize a number of compounds. Hydrogen peroxide itself is not very reactive, but sometimes, it can be toxic to cells because of rise in the hydroxyl radicals in the cells [38] . As shown in Figure 5 , the anthocyanin extracts also demonstrated hydrogen peroxide decomposition activity in a concentration-dependent manner. The frozen samples (AEZF 3 ) of I. herbstii L. flowers at (4.71 ± 0.51 mg/g) could reach more than (25.34%) H 2 O 2 scavenging activity, while the best effect [up to 59.13%] was observed at higher amount [8.31 ± 0.23 mg/g] fresh samples (AEFF). Again, the hydrogen peroxide scavenging activity of the extracts can be ranked in the order AEFF (59.13%) > AEDF (51.09%) > AESF (47.15%) > AEZF 1 (38.23%) > AEZF 3 (25.34%), respectively. These results showed that fresh samples (AEFF) had effective H 2 O 2 scavenging activity. This ability to scavenge hydro- gen peroxide could be an efficient assessment method to evaluate antioxidant property of I. herbstii flower anthocyanin extract (AEIH).
Nitric Oxide Radical Scavenging Activity
Nitric oxide [NO] radical is generated from sodium nitroprusside at physiological pH. It is a highly reactive compound that is capable of changing the structural and functional behavior of many cellular components [39] . The anthocyanin extracts of I. herbstii flower (AEIH) inhibited nitric oxide radical in a concentration dependent manner (Figure 6 ). At a concentration of 8.31 mg/g, the percentage inhibition of nitric oxide radical was maximum for AEFF extract with 34.04%. The nitric oxide radical scavenging activity in decreasing order was AEFF (34.04%) > AEDF (30.02%) > AESF (26.15%) > AEZF 1 (22.14%) > AEZF 3 (19.07%). Nitric oxide is free radical produced in biological cells, involved in regulation of various physiological processes. Nitric oxide is very unstable species under aerobic conditions. It reacts with oxygen to produce stable product nitrate and nitrite through intermediates NO 2 , N 2 O 4 and N 3 O 4 . In present study, the inhibitory potentials of the extracts against NO radical can be attributed to their ability to compete with oxygen and its derivatives [33] .
Metal Chelating Activity
Minimizing Fe 2+ may afford protection against oxidative damage by inhibiting the production of ROS and lipid peroxidation [30] . Thus, the ability of antioxidants to form insoluble metal complexes with ferrous ion [or] to generate steric hindrance that prevent interaction between metal and lipid is evaluated using the ion chelating assay [40] . The activity is measured by monitoring the decrease in absorbance of red ferric-Ferrozin complex as antioxidants compete with ferrozin complex in chelating ferrous ion [41] . As shown in Figure 7 , AEFF samples showed the highest chelating activity (26.28%) followed by AEDF (18.34%), AESF (13.41%), AEZF 1 (9.24%) and AEZF 3 (6.17%), respectively. It is clear that chelating power of fresh samples (AEFF) of I. herbstii flower was higher as compared with the other samples which may be due to its higher anthocyanin content. Therefore the chelating power of anthocyanin extracts increase with increase in its content of anthocyanin compounds which are responsible for metal chelating. Lee et al., in the year 2004 reported that non-phenolic metal chelators includes phosphoric acid, carnosin, some amino acids, peptide and proteins such as transferring, ovo-transferrin are responsible for metal chelation. Since in our extracts there are no nonphenolic metal chelators which are responsible for metal chelating [42] .
Determination of Inhibitory Effect on Deoxyribose Degradation
Hydroxyl radicals can be formed by the Fenton's reaction in the presence of reduced transition metal such as Fe 2+ and H 2 O 2 , which is known to be the most reactive of all reduced from of dioxygen and thought to initiate all damage in vivo [28] [43] . To determine whether I. herbstii flower anthocyanin extract (AEIH) reduce hydroxyl radical generation by chelating metal ions or by directly scavenging hydroxyl radicals, the effects of the anthocyanins on hydroxyl radical generated by Fe 3+ ions were analyzed by determining the degree of deoxyribose degradation. The total anthocyanin amount dependent inhibited of hydroxyl radical induced deoxyribose degradation by anthocyanin extract (AEIH) in both the site specific and specific assays. The inhibitory effect of the anthocyanins on deoxyribose degradation was appreciably high in AEFF [38.12%] followed by AEDF (36.45%), AESF (32.15%) and AEZF 1 (27.32%) samples while AEZF 3 (17.13%) sample had the lowest, Figure 8 . Generally, AEZF 3 sample had the lowest total anthocyanin contents. From the results it was observed that the anthocyanins inhibited deoxyribose degradation mainly by chelating metal ions rather than by scavenging hydroxyl radical directly. Similar results were reported for extracts of Litchi chinenesis Sonn. [44] and Sesbania sesban [45] .
Conclusion
From the results obtained in the present study, it may be concluded that the flowers of Iresine herbstii L. could be evaluated as a majour source of anthocyanin. The amount of total anthocyanin was dramatically losses during vacuum drying, storage and freezing with compared to the fresh samples. The antioxidant profile of these compounds can be harnessed to treat radical related pathological conditions. The mechanism of antioxidant action was based on the ability of its extracts to donate electrons, reduce ferric ions, and scavenge superoxide anion, nitric oxide, hydrogen peroxide, and hydroxyl radicals. Thus this study gives support for expanding future investigations of pharmacological activities associated with free radicals and characterization of potent extract for its main active constituents.
